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In this thesis on the behavioural ecology of a migratory passerine, the hair-crested 
drongo, I have studied how individuals select specific breeding strategies to adapt 
to different environmental or social contexts based on their condition. For 
individual condition, I focus on the body condition, breeding experience and male 
quality that show individual variation and may be critical in determining individual 
breeding strategy. The environmental or social contexts are specified in terms of 
seasonal environment (environment deteriorates over the breeding season), mating 
status (maintaining pair-bonds or switching mates), extra-pair mating opportunities 
and intra-specific territory competition intensity. I investigate how individuals 
adapt to the environmental or social contexts through the timing of their onset of 
breeding, whether or not they retain their former mates, adjusting their investment 
in breeding, and their breeding behaviour (e.g. parents dismantle their nest after 
breeding). In this chapter, I discuss how my study contributes to the understanding 
of (1) condition-mediated breeding strategy, (2) context-dependent breeding 
strategy, and (3) how individual condition together with environmental or social 
contexts determine individual breeding strategy. Finally, I will outline several 
thoughts and recommendations for future studies on how condition mediates 
context-dependent breeding strategies and consequently influences individual 
fitness. 
 
Condition mediates breeding strategy 
In this thesis, I studied individual variation in body condition, breeding experience 
and quality in the hair-crested drongo, and how these traits can influence individual 
breeding strategies and subsequent breeding performance. Individuals show 
heterogeneity in several condition traits associated with reproduction. 
Individuals that vary in body condition may differ in physiological state (e.g. 
immune function and presence of infection), with individuals in better condition 
being more healthy and performing better in coping with environmental challenges 
(Jakob et al. 1996). In migratory species, individuals in better body condition can 
arrive earlier and start breeding earlier (Møller et al. 2004; Ninni et al. 2004). 
Arriving early is advantageous for territorial birds, because it allows priority for 
individuals to occupy or retain former high quality breeding sites with more food 
and/or less predation pressure (Daan et al. 1988). This can lead to early breeders 
obtaining higher reproductive success than late breeders. This phenomenon may 
also explain the seasonal decline in breeding performance observed in the 
migratory hair-crested drongo, as described in chapter 2. Furthermore, individual 
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body condition can be consistent within individuals or pairs among years. This is 
supported in chapter 2 by the fact that laying date was repeatable among years for 
females of perennial pairs (pairs of mate retention over years). Therefore, early 
breeders of the hair-crested drongo may consistently obtain a higher reproductive 
success and lead to a large difference in lifetime reproductive success between 
individuals. This may lead to a high proportion of recruits produced by a relatively 
small proportion of adults and subsequently have significant influence on 
population dynamics, population genetic structure, and evolutionary change of the 
population (Newton 1989; Smith 2004; Hochachka 2006). 
Individuals may also differ in breeding experience, which may influence their 
breeding strategies. First-time breeders who have no breeding experience may 
breed later and produce fewer eggs than experienced breeders (Coulson 1966; 
Pampus et al. 2005). Furthermore, first-time breeders may also have less skills in 
caring for the brood and defending the brood from predators (Forslund and Pärt 
1995). This may lead to first-time breeders having fewer and/or poor condition of 
young fledged (Hipfner and Gaston 2002; Pampus et al. 2005; Hatch and Westneat 
2008). In chapter 3, I demonstrated that hair-crested drongo pairs consisting of 
first-time breeders, especially male first-time breeders, bred later than pairs 
consisting of experienced breeders. Therefore, this may be caused by the fact males 
establish the territory in this species and male first-time breeders arrive later and 
establish territories later than experienced males. Moreover, although clutch size is 
similar for first-time and experienced breeders, first-time breeders, especially male 
first-time breeders, have a lower survival rate of eggs to fledglings. Male 
hair-crested drongos take more responsibility in nest defence from predators (L. Lv, 
personal observation), and therefore their breeding experience might be more 
important than female breeding experience in determining the breeding 
performance. Poor breeding performance in first-time breeders may be due to being 
less skilled in defending their brood from nest predators, but this needs further 
research. This idea is supported by the increased reproductive success in the next 
year of these first-time breeders when they have gained breeding experience from 
their first-time breeding. It has been suggested that individuals can improve their 
parenting skills from former breeding experience (Brandt 1984; Desrochers 1992; 
Weimerskirch 1992; Cichoñ 2003) and/or increase their reproductive effort 
(Pugesek 1981; Pugesek 1984; Part et al. 1992), which in turn may lead to an 
improvement in breeding performance. In long-lived birds, this improvement may 
be extended over several years and individuals of long-lived species show an 
increased reproductive success with age (reviewed by Sæther 1990; Forslund and 
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Pärt 1995; Klemming 1998). However, in hair-crested drongos and other relatively 
short-lived birds, the improved breeding performance may only be obvious 
between the first and the second breeding season. This is supported in my study by 
the fact that perennial pairs do not breed earlier or obtain a higher reproductive 
success due to longer pair-bond duration. To sum it up, individuals of the 
hair-crested drongo vary in breeding experience which in turn affects the timing of 
breeding and breeding performance. 
Males may differ in quality. Individuals with increased ornamentation, or 
possessing certain attributes (such as vocal signals), are often more preferred in 
mate choice (reviewed in Bradbury and Andersson 1987; Ryan and Keddy-Hector 
1992; Andersson 1994; Møller and Gregersen 1994; Johnstone 1995). This is 
because these characters may reflect individual‘s genetic quality and/or the 
capability of breeding investment (Hoelzer 1989; Hill 1991; Kempenaers et al. 
1992). Thus, mating with these high quality individuals may be advantageous for 
females in producing more and/or better quality offspring. This preference may 
also exist in choosing extra-pair mates by females in socially monogamous species 
(Kempenaers and Schlicht 2010). In species with bi-parental care, males are 
confronted with a temporal and energetic trade-off between providing care and 
pursuing additional matings (reviewed in Magrath and Komdeur 2003, Stiver and 
Alonzo 2009). As such, quality may influence the breeding strategy of males 
because the benefits they can gain from parenting and mating efforts are different. 
The parental-mating trade-off hypothesis proposes that high quality males should 
provide less parental care than low quality males, because they can achieve 
relatively greater reproductive success from seeking additional matings (Magrath 
and Komdeur 2003, Stiver and Alonzo 2009). This hypothesis is supported in my 
study. In chapter 4, I showed that high quality male hair-crested drongos incubated 
less to seek extra-pair matings. Furthermore, high quality males incubated less by 
recessing longer between incubation bouts, but not by incubate shorter in each bout. 
This indicates that individual quality can have a comprehensive influence in 
determining male breeding strategy. Thus, individuals seek to optimize the 
allocation of resources and time between parenting and mating effort to maximize 
their reproductive success. 
 
Context-dependent breeding strategy 
Individuals may experience different environmental or social contexts, which may 
consequently influence their breeding strategies. In this thesis, I focus on whether 
and how seasonal environment, mating status and extra-pair mating opportunities 
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influence individual breeding strategy. Additionally, I discuss whether intra-species 
territory competition play a role in shaping a unique behaviour, nest dismantling 
(parents dismantle their nest after breeding), in the hair-crested drongo. 
In a seasonal environmental context, breeding environment may deteriorate 
over time as some ecological factors change over the breeding season. For example, 
food availability for insectivore bird species may decrease over time resulting in a 
large proportion of the population breeding after the annual peak of insect 
abundance (Perrins et al. 1965; van Balen 1973; Daan et al. 1989; Verboven et al. 
2001). Meanwhile, predation pressure may increase over time as the breeding 
timing of avian predators usually follow the peak abundance of fledglings of prey 
species (Gotmark 2002; Verhulst and Nilsson 2008). From this point, breeding 
earlier in the season can be advantageous in terms of obtaining a better breeding 
performance. In chapter 2, I investigated the influence of breeding timing on 
reproductive success in the hair-crested drongo. In this species, parents produce 
fewer fledglings over the breeding season and this trend is consistent among years. 
As individual condition is consistent among years and the influence of other 
ecological factors (e.g. year effect) are negligible or can be controlled for, I 
hypothesize that if the environment always deteriorates over the breeding seasons, 
reproductive success of perennial pairs should decrease when individuals breed 
later relative to their timing of breeding in other years. However, perennial pairs 
produce a similar number of fledglings when they breed later compared to what 
they produce in other years. This suggests that environmental context does not 
deteriorate over the breeding season for this population. Predation of eggs and/or 
fledglings contributes to most of the nest failures in this population. As common 
avian predators have their young fledged before the hair-crested drongos have 
produced fledglings, earlier breeders may suffer similar predation pressures to late 
breeders. This raises the question of why individuals vary in their timing of 
breeding given that predation pressure is similar for earlier and later breeding 
hair-crested drongos. As mentioned above, breeding earlier may be advantageous 
in occupying or retaining former high quality breeding sites (Daan et al. 1988). 
Furthermore, parents and their offspring may also benefit from earlier breeding 
because parents may have more time for moulting and their offspring may have 
more time to gain mass and increase their foraging skills before the fall migration. 
Additionally, early breeders may have higher chance of producing a successful 
replacement clutch in cases where the first clutch fails (Dhondt 1987; 
Naef-Daenzer et al. 2001; Becker and Zhang 2010). From this point, breeding 
earlier is a breeding strategy for individuals of better condition to maximize life 
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reproductive success in a seasonal environmental context. 
Mating status may also influence individual breeding strategy because 
switching mates can be costly in terms of finding or fighting for a new mate and/or 
breeding site (Black and Hulme 1996). Furthermore, continuously breeding with 
the same mate may improve the coordination of reproductive behaviours, such as 
breeding synchrony and compatibility between partners, and lead to a higher 
reproductive success (Griggio and Hoi 2011; Rooij and Griffith 2013, but see 
Gabriel and Black 2013). It has been demonstrated in several studies that 
reproductive success decreases after switching mates (Hatch and Westneat 2007; 
Gabriel and Black 2013), but increase if individuals continue to breed with the 
same partner (Bradley et al. 1995; van de Pol et al. 2006; Naves et al. 2007; Nisbet 
and Dann 2009, but see McDonald et al. 2004). In chapter 3, I showed that 
hair-crested drongos which maintain pair-bonds from the previous year bred earlier 
than conspecifics. However, they did not obtain a higher reproductive success. 
Moreover, they did not breed earlier or perform better than pairs consisting of only 
experienced breeders. The results indicate that hair-crested drongos do not benefit 
from mate retention in terms of higher reproductive output. This is further 
supported by the fact that pair-bond duration has no significant effect on timing of 
breeding and reproductive success in perennial pairs. This also raises the question 
of why hair-crested drongos should engage in mate retention, because this has 
ostensibly no effect on improving their breeding performance. I suggest that mate 
retention may be a by-product of breeding site fidelity (Burger 1974, Morse and 
Kress 1984, Cuthbert 1985, Pietz and Parmelee 1994, Ens et al. 1996, Naves et al. 
2007, Bai and Severinghaus 2012, but see Bried et al. 2003, Robert and Paiva 
2014). As both male and female are faithful to their previous breeding site in the 
hair-crested drongo, it can lead to mate retention being the common mating 
strategy in this species. Furthermore, the quality of breeding sites may also 
promote this phenomenon as individuals are more faithful to high quality breeding 
sites compared with low quality ones (Bollinger and Gavin 1989, Newton 1993, 
Bried and Jouventin 1999, but see Jiménez-Franco and Martínez 2013). Thus, I 
conclude that mating status may not influence the breeding strategy of the 
hair-crested drongo. Moreover, individual breeding strategy and breeding 
performance is consistent when both partners have breeding experience. 
Social contexts, such as breeding synchrony, have a profound influence on 
individuals‘ breeding strategy. For bi-parental species with males seeking extra-pair 
matings, the extra-pair mating opportunities in the local social context may 
influence the trade-off between parenting and mating efforts for males (Magrath 
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and Komdeur 2003; Stiver and Alonzo 2009). It has been demonstrated that males 
decrease parental effort and increase mating effort when they have more extra-pair 
mating opportunities (e.g. Magrath and Elgar 1997; Hill et al. 2011; LaBarbera et 
al. 2012). However, in territorial bird species, extra-pair mating opportunities may 
also vary temporally and spatially. Both breeding density and breeding synchrony 
may influence the number of available fertile females for males, for extra-pair 
mating, during a specific period (Stutchbury and Morton 1995; Richardson and 
Burke 2001). Furthermore, the available extra-pair mating opportunities for focal 
males can also be distance-limited, because males need to defend their territories 
from conspecifics and protect their brood from predators (Wang and Lu 2014). 
Interestingly, this common finding has rarely been considered in investigating how 
extra-pair mating opportunities shape the optimal allocation between parenting and 
mating efforts for males (Smith and Montgomerie 1992; Magrath and Komdeur 
2003; Stiver and Alonzo 2009; Hill et al. 2011), although incorporating such 
ecological factors may substantially change this relationship. In chapter 4, I found 
that male incubation attendance was negatively correlated with their quality when 
they have more extra-pair mating opportunities nearby. Furthermore, there was a 
threshold for high quality males to incubate less. A decrease in male incubation 
attendance occurred only when the males have at least two fertile female 
neighbours present. I suggest that males only incubate less when the chance of 
obtaining extra-pair matings is relatively high, because male hair-crested drongos 
contribute to substantial incubation attendance of the nest and consequently are 
critical for the breeding success of the brood. These results highlight the 
importance of quantifying available extra-pair mating opportunities in investigating 
how individuals determine their breeding strategy in trading off parenting and 
mating efforts.  
Territory fidelity, in which individuals reuse the same territory over consecutive 
years, is common among many migratory bird species (Greenwood 1980; Newton 
2008). Individuals benefit from this phenomenon because they are experienced 
with local conditions, which usually leads to a better breeding performance (Hinde 
1956; Beletsky and Orians 1991; Pärt 1995; Stamps 1995; Grabowska-Zhang et al. 
2012). However, for the owners of breeding territories, where breeding 
performance is usually good, they may also be under high territory competition 
from conspecifics. This is particularly the case when prospecting individuals use 
the past breeding performance of other pairs as a cue to assess the quality of 
breeding territories and select the optimal breeding territory for the future 
(reviewed in Ponchon et al. 2013). I tested whether a unique behaviour observed in 
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the hair-crested drongo, nest dismantling of their own nest after a reproductive 
event, was an adaptive breeding strategy to reduce prospective territory 
competition in the next year by masking the potential cue to conspecifics (territory 
competition hypothesis, Li et al. 2009). I showed that territory owners who 
succeeded in producing fledglings were more likely to dismantle nests and 
dismantle faster if they preferred to reuse the territories in the following year. By 
removing the natural nests from trees and leaving them in a natural habitat where 
hair-crested drongos rarely visited, I found most nests remained intact until the 
next breeding season. Moreover, experimentally strengthened nests in successful 
territories, which had chick(s) fledged, attracted prospectors and tended to result in 
a higher reuse rate of territories in the next year. However, it did not lead to a 
higher replacement rate of the territory owners, and territory owners did not breed 
later or perform worse due to the potential territory competition in the next year. 
These results suggest that hair-crested drongos may not suffer from potential 
territory competition if they do not dismantle their nest in the previous year. This 
may be explained by the advantage of original territory owners in retaining their 
territory (Nolan 1978; Jakobsson 1988; but see Arcese 1987). Although 
prospectors may locate territory through other cues (e.g. presence of fledglings), 
few of them may be able to usurp territories. I suggest that nest-dismantling may 
benefit hair-crested drongos only when territory competition is very intense in the 
population. 
 
Condition mediates context-dependent breeding strategies 
Individuals may select specific breeding strategies to adapt different environmental 
or social contexts based on their condition. In this thesis, I discuss whether 
individual body condition interact with environmental quality in determining the 
breeding performance across different times during the breeding season, whether 
mate retention and individual breeding experience lead to a difference of breeding 
performance between perennial pairs and newly formed pairs, and how male 
quality interacts with extra-pair mating opportunities in determining a male‘s time 
and energetic allocation between parenting and mating efforts. 
A seasonal decline in breeding performance may be due to individuals in better 
condition occupying superior breeding sites and breeding earlier, or to deterioration 
of environment over time, or a combination between these two (Verhulst and 
Nilsson 2008). As individual conditions usually interact with environmental 
context, it is difficult to distinguish these possibilities. Furthermore, due to no 
direct control over the timing of breeding, manipulating breeding timing (e.g. 
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removing the first clutch) without introducing potential confounding effects (e.g. 
decreased female condition) seems impossible (Verhulst and Nilsson 2008). 
Therefore, in chapter 2, I applied a novel comparative method to test the influence 
of breeding timing on breeding performance by using the natural variation of 
timing of breeding within perennial pairs among years. As shown above, the results 
indicated that early breeders, who are in better condition and always lay earlier in 
consecutive years relative to the population, performed better than late breeders. 
However, both early breeders and late breeders did not perform worse when they 
bred relatively late compared to when they bred in other years. This ruled out the 
possibility that individuals of better condition compensated for the negative effects 
of late breeding and consequently lead to no effect of actual timing of breeding on 
performance (De Neve et al. 2004; Verhulst and Nilsson 2008). It indicates that the 
observed seasonal decline in breeding performance in the hair-crested drongo is 
due to an effect of individual condition (individuals of better condition occupying 
high quality site breeding early), but not a direct effect of breeding timing. Thus, 
breeding earlier may be an adaptive breeding strategy of individuals in better 
condition to gain advantage in a seasonal environment in terms of occupying better 
quality breeding sites, producing replacement clutch in case of failure of first 
clutch and having more time for moulting before the fall migration. 
Individuals which maintain pair-bonds usually perform better than conspecifics 
switching mates. However, this may be due to newly formed pairs consisting of 
young, inexperienced birds of low condition which may in turn lead to poor 
breeding performance of such pairs (Ens et al. 1996; Hatch and Westneat 2007). 
Furthermore, individuals of better condition may have a better chance of staying 
together as they could invest more in breeding and are more likely to obtain higher 
reproductive success which usually facilitates mate retention (Streif and Rasa 2001; 
Dubois and Cézilly 2002; Moody et al. 2005). These potential confounding effects 
need to be controlled for when investigating the influence of mate retention on 
breeding performance. I solved this problem with longitudinal analyses by 
comparing the breeding performance of individuals across two consecutive years 
that either did or did not switch breeding partners in the second year (Ens et al. 
1996; Llambías et al. 2008). The results in chapter 3 showed that hair-crested 
drongos bred later and performed worse when they newly paired with 
inexperienced breeders, especially male first-time breeders. However, individuals 
did not perform better through mate retention. Furthermore, perennial pairs did not 
perform better than newly formed pairs consisting of experienced males. These 
results indicate that individuals do not perform better through mate retention, but 
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breed later and perform worse when pairing with an inexperienced breeder, 
especially male first-time breeder. Thus, breeding experience in the hair-crested 
drongo is more important than mate retention in determining individuals‘ breeding 
strategies and the resulting breeding performance in this species. 
Quality may influence the optimal investment of males between parenting and 
mating efforts, because the success of gaining additional matings usually varies 
with male phenotype. It is expected that high quality males would invest more in 
mating effort as they are more likely to gain additional matings and therefore can 
achieve relatively greater reproductive success (Magrath and Komdeur 2003; 
Stiver and Alonzo 2009). Meanwhile, males may not only consider their own 
quality but also the availability of extra-pair mating opportunities in the local social 
context when they seek extra-pair matings. I quantified the available extra-pair 
mating opportunities for hair-crested drongos during the incubation period and 
investigated how individual quality influences the trade-off between parenting and 
mating efforts for males in chapter 4. I found that male quality had no significant 
influence on parenting effort when there were no or little extra-pair mating 
opportunities from their close neighbours. However, male quality was negatively 
correlated with their parenting efforts when they had more extra-pair mating 
opportunities. I suggest that male hair-crested drongos change their allocation 
between mating and parenting efforts according to the local social context based on 
their own quality. Meanwhile, although females increase breeding investment to 
compensate for the decreased incubation attendance of their high quality partners, 
they could not fully compensate. This may lead to reduced overall nest incubation 
attendance and result in a low hatching success of their own brood. Therefore, male 
hair-crested drongos have to determine their breeding strategy considering the 
benefits from seeking extra-pair matings and the corresponding cost of decreasing 
parenting care in their own brood. Males may only be able to incubate less as long 
as their partners can compensate and maintain the nest attendance at a level where 
embryos can still successfully develop (Jones et al. 2002). 
 
Future perspectives 
This thesis provides new insights on how individuals adopt a specific breeding 
strategy to maximize their reproductive success based on their own condition and 
the environmental or social contexts that they experienced. Nonetheless, several 
topics remain to be investigated in future studies. The most important is how 
individuals trade off current reproduction with future reproduction. This is because 
the current condition of individuals may be influenced by their breeding strategy in 
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the previous breeding seasons and the determination of current breeding strategy 
may not only depend on the benefit from current reproduction, but also the 
potential influence on survival and future reproduction (Boonekamp et al. 2014; 
Lemaître et al. 2015). Future studies based on complete individual life histories 
may provide a good opportunity for better understand how individual condition 
interacts with environmental and social context in determining individual breeding 
strategy. 
Another worthwhile point is the potential role of breeding site quality in 
affecting individual breeding strategy and subsequent breeding performance. In 
chapter 2, I concluded that the seasonal decline in breeding performance was due to 
individuals of better condition arriving earlier and occupying superior breeding 
sites. Therefore, if breeding sites differ in quality, it may promote the difference of 
breeding performance between earlier breeders and late breeders. Thus, testing how 
individual variation in conditions contributes to the seasonal decline of breeding 
performance needs to control for the confounding effect of breeding site quality. In 
chapter 3, I suggested that mate retention might be a by-product of breeding site 
fidelity. As individuals are more faithful to high quality breeding sites compared to 
low quality ones, breeding site quality may be the potential reason that promotes 
breeding site fidelity and leads to the breeding performance differences between 
pairs which keep pair-bonds or not. Thus, the investigation on whether individuals 
benefit from mate retention needs to clarify the influence of site quality on 
breeding site fidelity. In chapter 4, I showed that although high quality males did 
less parenting than low quality males when they had available extra-pair mating 
opportunities, males who had more extra-pair mating opportunities did not invest 
less in parenting than others who had less or no extra-pair mating opportunities. 
This may be because males who have more extra-pair mating opportunities usually 
breed at high quality sites. Breeding density is usually high in high quality breeding 
areas which may also lead to more extra-pair mating opportunities. Individuals who 
breed at high quality sites may invest more in parenting effort. Therefore, high 
quality males, who breed at high quality sites and invest less in parenting, may 
spend similar parenting effort as males who breed at low quality sites. Thus, 
investigating how extra-pair mating opportunities influence parenting efforts of 
males needs to control for the effect of breeding site quality. Longitudinal analyses 
of how individuals change parenting effort when available extra-pair mating 
opportunities varied may offer a good opportunity to test it. In chapter 5, I suggest 
that nest-dismantling may benefit hair-crested drongos only when territory 
competition is very intense in the population. Territory competition may correlate 
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with territory quality as individuals compete for high quality territories that are 
usually in short supply. Therefore, it can be expected that nest dismantling occurs 
more often and faster in high quality territories. Future studies measuring territory 
competition among territories of different quality may provide a good chance to 
further test the territory competition hypothesis.  
